Twenty one genotypes and two check varieties viz. CS-88 and V-240 of cowpea [Vigna unguiculata (L.) Walp. ] were screened for total proteins. The total protein content ranged from 22.4 (HC-3) to 27.9 % (HC-98-64) in 21 genotypes whereas in check varieties it was 25.6 (V-240) and 26.0 % (CS-88). Seven genotypes viz. HC-6, HC-5, CP-21, LST-II-C-12, CP-16, COVU-702 and HC-98-64 having high protein content (26.7 to 27.9 %) were selected for further characterization of their seed storage proteins. Globulins were the major protein fraction ranging from 55.6 (LST-II-C-12) to 58.8 % (CP-16 and HC-6) of total protein. Glutelins was the second major fraction ranging from 14.4 to 15.6 % followed by albumins (8.2 to 11.9 %) and prolamins (2.3 to 5.0 %). Content of free amino acids also showed variations amongst genotypes with COVU-702 having maximum and LST-II-C-12 having minimum content. Essential amino acid analysis revealed that S-amino acids (cysteine and methionine) were the first limiting amino acids followed by tryptophan. From the results presented here it could be suggested that two genotypes viz. LST-II-C-12 and HC-5 be used in breeding programmes aimed at developing high protein moth bean varieties with good quality.
INTRODUCTION
Seeds predominantly, legumes and cereals, represent the primary source of proteins for animal feeding and human nutrition, because they provide reasonably sufficient quantity of proteins and other nutrients at a relatively much cheaper rate. (Gupta and Kapoor, 1979) . On an average, legume seeds contain 20-27 per cent protein (Wang and Daun, 2004; Horax et al., 2004) and occupy the second place after cereals as the source of calories and proteins in the human diet.
Among the legumes, cowpea (Vigna unguiculata (L.) Walp.) is a tropical legume of African origin and was introduced from Africa to Indian subcontinent approximately 2000-3500 years ago (Allen, 1983) . It is very palatable, highly nutritious and relatively free from metabolites or other toxins (Quass, 1995) . It can be used at all stages of growth as a vegetable crop. Green cowpea seeds can be used as fresh vegetable, or may be canned or frozen. Its young leaves, pods and peas contain vitamins and minerals which have fuelled its usage for human consumption and animal feeding (Nielsen et al., 1997; Rachie, 1985) . Despite the importance of cowpea as a food crop in tropical and subtropical regions, little work has been carried out on characterization of its major seed storage proteins in comparison to the other legume species such as Glycine max or Phaseolus vulgaris. This prompted us to analyze different genotypes along with two check varieties of cowpea for protein fractions and their essential amino acid content. The data so generated would help the plant breeders to select varieties for further breeding programs aimed at achieving cowpea genotypes of high protein content with better quality.
MATERIALS AND METHODS

Plant materials
The experimental material comprised of twenty one genotypes of cowpea [Vigna unguiculata (L.) Walp.] and two check varieties viz. CS-88 and V-240 from different agro-climatic zones of Haryana, Punjab, Delhi, Gujarat, Zodhpur, Coimbatur, Trombay and South Vailore. Brief description of the genotypes is given in Table 1 . These were obtained from Forage Section of the Department of Plant Breeding, CCS Haryana Agricultural University, Hisar-125004, India. The seeds were oven dried at 60 ºC for 48 h, ground in Udycyclone mill using 80 mesh screen and used for further analysis. All estimations were made in duplicate in each of the three extracts prepared separately from three different lots of every sample.
Total protein
Total protein (N x 6.25) in seed flour and in different fractions viz. albumins, globulins, prolamins and glutelins was estimated by determining the total nitrogen content by Micro-Kjeldhal method (AOAC, 1984) .
Protein fractionation
Different fractions viz. albumins (water-soluble), globulins (salt-soluble), prolamins (alcohol-soluble) and glutelins (alkali-soluble) were prepared by following the classical method of Osborne (1924) using solubility criteria. The solvents used for extraction of these fractions were distilled water, 1 % NaCl, 60 % ethanol and 0.4 % NaOH solution, respectively.
Total free amino acids
The seed flour of each sample was treated with 60 percent ethanol, refluxed for 15 min on a water bath at 60 ºC and centrifuged at 3000 rpm for 15 min. This step of refluxing and centrifugation was repeated three times with residue, supernatants pooled together and used for estimation of total free amino acid content by following the method of Yemm and Cocking (1955) .
Essential amino acids
The amino acid composition was determined by the method given in Technical note 50 (Dionex Corporation) using the automatic amino acid analyzer (AAA-Direct), which separates amino acids on a high performance anion-exchange column and directly detects them by integrated amperometry.
Statistical analysis
Statistical analysis (standard error and correlation analysis) of the results was done using three replicates following the statistical software system (SPSS) of Nie et al. (1970) , which stood for the Statistical Package for the Social Sciences.
RESULTS AND DISCUSSION
Protein content
Total crude protein content as presented in the Table 2 ranged from 22.4 (HC-3) to 27.9 % (HC-98-64) in 21 genotypes of cow pea, whereas in the check varieties V-240 and CS-88 the protein content was 25.6 and 26.0 (Wang and Daun, 2004 ).
In the recent years, considerable interest has been shown in breeding high protein legumes with better nutritional quality in terms of essential amino acids. The amino acid make up largely depends upon the relative distribution of the various protein fractions like albumins, globulins, prolamins and glutelins. Therefore, among the mothbean genotypes investigated during present investigations, seven genotypes viz. HC-6, HC-5, CP-21, LST-II-C-12, CP-16, COVU-702 and HC-98-64 were identified as high protein genotypes (26.7 to 27.9 % protein) and used to prepare different proteins fractions.
Protein fractionation
Remarkable variations were noticed in the contents of different protein fractions of cow pea genotypes (Table  3) . In all the seven genotypes, globulins constituted the bulk of mothbean seed proteins. The content varied from 55.6 % (LST-II-C-12) to 58.8 % (CP-16) of the total proteins. The values are slightly lower than those reported for cowpea by Rosario et al. (1981) . They have observed the globulin content to range from 63 to 67 per cent. However the values obtained during present investigations are within the range of 50-85 % as has been reported for different legumes (Mahajan et al., 1988; Dhawan et al., 1991; Bala et al., 1994; Mendoza al., 2001) . Glutelins was the next major fraction and found to be in the range of 14.4 to 15.6 % of the total proteins. The values observed in the present investigations are much higher than those reported for other legumes e.g. 8 % in soybean (Kapoor and Gupta, 1977) and 2 % in blackgram (Padhye and Salunkhe, 1979).
Next to globulins and glutelins, was the albumins fraction which varied between 8.2 to 11.9 % (Table 3) . Rosario et al. (1981) have reported that cowpea seeds had 8-12 % albumins content. However, the general range of albumins in legume seeds is 10-15 % of the total proteins (Mahajan et al., 1988; Dhawan et al., 1991; Bala et al., 1994) . The prolamins fraction was the least concentrated protein in cow pea and ranged from 2.3 to 5.0 % (Table 3) . Similarly, blackgram (Padhye and Salunkhe, 1979) , soybean (Kapoor and Gupta, 1977) and ricebean (Singh et al., 1985) have been reported to contain less than 3 % prolamin content.
Free amino acid content
The total free amino acid content ranged between 1.7 to 3.7 mg/100g flour (Table 4) with maximum in COVU-702 and minimum in LST-II-C-12. Similar observations with regard to free amino acid content have been recorded by Awolumate (1983) in mungbean, cowpea and soybean. Very low amount of free amino acids in mature cowpea seeds, as has been observed in the present investigations, suggests there utilization for protein synthesis during seed development. Table 5 reveal that histidine, cysteine, methionine, isoleucine, leucine, threonine, lysine and tryptophan varied from 1.85 to 2.47, 0.84 to 1.08, 1.28 to 2.06, 4.17 to 5.46, 6.45 to 8.50, 3.89 to 5.12, 7.30 to 8.74 and 1.00 to 1.33 g/100g protein, respectively. HC-6 had maximum content of total essential amino acids of 33.43 g/100g protein while the minimum was found to be 27.52 g/100g protein in HC-98-64 and 27.50 g/100g protein in COVU-702. Similarly, higher S-amino acids (cysteine and methionine) content was found in the genotype LST-II-C-12. Lysine content was found to be the highest in CP-16. The values reported here are in general agreements with those reported earlier in cowpea (Oluwatosin, 1997; Hussain and Basahy, 1998) , mungbean (Gonzalez et al., 1964) , soybean (Leverton, 1967) , and pea (Wang and Daun, 2004) .
Essential amino acid content
Data in
Correlation between protein fractions and essential amino acids
The correlation analysis (Table 6 ) revealed that S-amino acids (cysteine and methionine) were low in the varieties having high globulins whereas genotypes having high prolamins were low in lysine indicating a negative correlation between globulins and S-amino acids and between prolamins and lysine.
On the basis of results obtained in present investigation, it is suggested that the genotypes LST-II-C-12 and HC-5 having reasonably high content of protein and essential amino acids (particularly, cysteine and methionine) can be exploited in the breeding programme for the development of mothbean varieties with high protein content, S-amino acids (cysteine and methionine) and lysine contents. 
